Sophora flavescens AITON (Leguminosae) is a perennial shrub occurring wild, as well as cultivated, throughout Northeast Asia. The dried roots of S. flavescens, Sophorae Radix, are important in traditional herbal medicine, where they are prescribed for antipyretic, analgesic, anthelmintic, and a stomachic purposes as well as for treating gastrointestinal hemorrhage, diarrhea, and eczema. 1, 2) This plant is reported to harbor quinolizidine alkaloids, triterpenoid saponins, and prenylated flavonoids, which are responsible for various biological and pharmacological properties.
Many researchers have focused on the matrine-type alkaloids and prenylated flavonoids, 4, 5) due to their quantitative and qualitative aspects.
In particular, there is growing interest in the prenylated flavonoids of S. flavescens, which are implicated in the antiinflammatory, 6) antioxidant, 7, 8) anti-diabetic, 9,10) monoamine oxidase inhibitory, 11) and cytotoxic effects. 12, 13) Among these flavonoids, sophoraflavanone G and kurarinone were reported to have potent cytotoxic activities, 13, 14) radical scavenging activities, 8) as well as inhibitory activities against tyrosinase, 15, 16) a-glucosidase, and b-amylase. 9) Also, kuraridin, kurarinone, and sophoraflavanone G were reported to possess cyclooxygenases and lipoxygenases inhibitory effects. 6, 17) Previously, we demonstrated the antioxidant properties of 8-lavandulylkaempferol from S. flavescens, as a 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical and peroxynitrite (ONOO Ϫ ) scavenger in vitro. 7) Although sophoraflavanone G and kurarinone have exhibited various biological effects in antioxidant-related systems, our findings on their DPPH radical scavenging activities are in contrast to those of Piao et al. 8) who demonstrated the two prenylated flavanones as having potent DPPH scavenging effects.
Therefore, the aim of this research was to revise and confirm the scavenging effects of prenylated flavonoids from S. flavescens against DPPH radicals, as well as to evaluate their various antioxidant capacities via in vitro 2,2Ј-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS), ONOO Ϫ , and total reactive oxygen species (ROS) assays. Furthermore, in order to elaborate on both the antioxidant and anti-inflammatory activities of these prenylated flavonoids, cell-based examinations of kuraridinol, kurarinol, and kurarinone were carried out via the inhibition of t-BHP (tert-butylhydroperoxide)-induced intracellular ROS generation and t-BHP-induced activation of nuclear factor-kappaB (NF-kB).
MATERIALS AND METHODS

General
The 1 H-and 13 C-NMR spectra were determined using a JEOL JNM ECP-400 spectrometer (400 MHz for 1 H and 100 MHz for 13 C) in dimethylsulfoxide (DMSO)-d 6 . Column chromatography was conducted using silica (Si) gel 60 (70-230 mesh, Merck, Germany), RP-18 Lichroprep (40-63 mm, Merck, Germany), and Sephadex LH-20 (20-100 mm, Sigma, St. Louis, MO, U.S.A.). TLC was conducted on precoated Merck Kieselgel 60 F 254 plates (20ϫ20 cm, 0.25 mm) and a RP-18 F 254s plates (5ϫ10 cm, Merck, Germany), using 50% H 2 SO 4 as a spray reagent.
Chemicals L-Penicillamine (L-2-amino-3-mercapto-3-methylbutanoic acid), L-ascorbic acid, ABTS, t-BHT, N-acetyl-L-cysteine (NAC), diethylenetriaminepentaacetic acid (DTPA), phenylmethylsulfonylfluoride (PMSF), and 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid ( 21) ). The spectral data fol- Kurarinone (5) Kuraridin (6) Kurarinol (7): Kuraridinol (8) DPPH Radical Scavenging Activity DPPH radical scavenging effect was evaluated using the method of Blois, 22) with slight modification. One hundred sixty microliters (ml) of MeOH solution at various concentrations (f.c. 400 mg/ml for extract and fractions, and f.c. 200 mg/ml for compounds) were added to 40 ml DPPH methanol solution (1.5ϫ10
After mixing the sample gently and standing them at room temperature for 30 min, the optical density was measured at 520 nm using a microplate reader spectrophotometer VERSAmax (Molecular Devices, CA, U.S.A.). The antioxidant activity of the samples were expressed in term of IC 50 values (mg/ml or mM required to inhibit DPPH radical formation by 50%), which was calculated from the log-dose inhibition curve. L-Ascorbic acid was used as the positive control. In its radical form, DPPH absorbs at 520 nm, but upon its reduction by an antioxidant or a radical species, the absorption disappears. Thus DPPH reduction was followed by monitoring the decrease in absorbance at a characteristic wavelength during the reaction.
Trolox Equivalent Antioxidant Capacity (TEAC) This assay was based on the ability of different substances to scavenge ABTS radical cation (ABTS · ϩ ) as compared to the positive control trolox: the method developed by Re et al. 23) To oxidize colorless ABTS to blue-green ABTS · ϩ , a 7 mM ABTS stock solution was mixed with 2.45 mM potassium persulfate (1 : 1, v/v) and left at the room temperature in the dark for 12-16 h until the reaction was complete and the absorbance was stable. The blue/green ABTS · ϩ solution was diluted in ethanol (EtOH) to an absorbance of 0.70Ϯ0.02 at 734 nm for measurement. The photometric assay was conducted on 180 ml of the ABTS · ϩ solution and 20 ml of test samples dissolved in EtOH solution (f.c. 100 mg/ml) that was stirred for 30 s. The optical density was measured at 734 nm after 2 min using a microplate reader spectrophotometer VERSAmax (Molecular Devices, CA, U.S.A.). The antioxidant activities of the samples were calculated by determining the decrease in absorbance at different concentrations using the following equation: Eϭ[(A c ϪA t )/A c ]ϫ100, where A t and A c are the absorbance of with and without samples, respectively. Trolox and L-ascorbic acid were used as the positive controls.
ONOO ؊ Scavenging Activity ONOO Ϫ scavenging was measured using a modified version of the method of Kooy et al. 24) by monitoring DHR 123 oxidation. DHR 123 (5 mM) in EtOH, which was purged with nitrogen, was stored at Ϫ80°C as a stock solution. This solution was then placed in ice and remained unexposed to light prior to the study. The samples were dissolved in 10% DMSO at a final concentration of 50 mg/ml for the extract and fractions, and 5 mM for the compounds. The buffer used consisted of 90 mM sodium chloride, 50 mM sodium phosphate, 5 mM potassium chloride at pH 7.4, and 100 mM DTPA, each of which was prepared with high quality deionized water and purged with nitrogen. The final concentration of DHR 123 was 5 mM. Total ROS Generation Inhibition ROS generation was assessed using the ROS-sensitive fluorescence indicator DCFH-DA. 25) Male Wistar rats weighing 150-200 g were sacrificed by decapitation and the kidneys were quickly removed and rinsed in iced cold-buffer [100 mM Tris, 1 mM EDTA, 0.2 mM PMSF, 1 mM pepstatin, 2 mM leupeptin, 80 mg/l trypsin inhibitor, 20 mM b-glycerophosphate, 20 mM NaF, 2 mM sodium orthovanadate (pH 7.4)]. The tissues were immediately frozen in liquid nitrogen and stored at Ϫ80°C. Ten microliters of each test sample (f.c. 40 mg/ml) was added to 190 ml of kidney postmitochondrial fraction in a 50 mM potassium phosphate buffer. Then, the mixtures were loaded with 50 ml of DCFH-DA (12.5 mM) in a potassium phosphate buffer and shaken for 5 min. Finally, the fluorescence of 2Ј,7Ј-dichlorodihydrofluorescein (DCF), the oxidation product of DCFH-DA was measured on a microplate fluorescence spectrophotometer (Bio-Tek Instruments, Inc., Winooski, VT, U.S.A.) for 30 min at an excitation wavelength of 485 nm and an emission wavelength of 530 nm. Trolox was used as the positive control.
Cell Line and Culture Conditions YPEN-1 cells, a rat prostate endothelial cell line, and HEK 293T cells, human kidney epithelial cells, were obtained from the American Type Culture Collection (Rockville, ND, U.S.A.). The YPEN-1 cells were cultured in DMEM containing 233.6 mg/ml of L-glutamine, 100 mg/ml of penicillin-streptomycin, 0.25 mg/ml of amphotericin B, and 5% heat-inactivated FBS (56°C for 30 min), and adjusted to pH 7.4-7.6 with NaHCO 3 . The cells were maintained at 37°C in a humidified atmosphere containing 5% CO 2 /95% air. For the transfection experiments with hGPT4 expression vector, the HEK 293T cells were cultured in DMEM supplemented with 10% heatinactivated FBS (56°C for 30 min), and with additional supplements that were the same as described above. The medium was replaced with fresh medium after 1 d to remove non-adherent cells or cell debris.
Inhibitory Activity on Intracellular ROS Levels Induced by t-BHT YPEN-1 cells were pre-incubated for 24 h in a 96-well plate. After 1 d, the medium was changed to fresh serum-free medium. The cells were treated with or without 2 and 8 mM of compounds 8, 7, and 5, respectively, and incubated for 1 h. After treating with t-BHT (100 mM) for 1 h, the medium was replaced with fresh serum-free medium and DCFH-DA (125 mM) was added. The fluorescence intensity of DCF, which oxidized from DCFH-DA by intracellular ROS, was measured for 30 min using a fluorescence plate reader (GENious, Techan, Austria) with excitation and emission wavelengths of 485 and 530 nm, respectively. To investigate intracellular ROS generation in the endothelial cells, the cells were seeded in a 6-well plate and adhered overnight; then the culture medium was replaced with fresh serum-free medium. The cells were exposed to 2 and 8 mM of compounds 8, 7, and 5, respectively, for 2 h, and then treated with t-BHT (20 mM) for 1 h. After treatment, the medium was removed and DCFH-DA (10 mM) was added. Finally, the cells were observed via a Axiovert 200 fluorescence microscope (Zeiss, Germany) at ϫ120 magnification. NAC was used as the reference compound.
NF-k kB Activity by Transfection and Luciferase Reporter Assay NF-kB activity was examined using a luciferase plasmid DNA, pTAL-NF-kB, which contains a specific binding sequence for NF-kB (BD Biosciences Clon-tech, CA, U.S.A.). Transfection was carried out using FuGENE 6 reagent (Roche, IN, U.S.A.). Briefly, 2ϫ10 4 cells per well were seeded in 48-well plates. When the cultured cells reached almost 50% confluence, they were treated with a 0.1 mg DNA/0.1 ml FuGENE 6 complex in a total volume of 500 ml of normal media (5% serum contained) for 24 h. After the plate was changed with serum-free media, 2 and 8 mM of compounds 8, 7, and 5, respectively, were treated for 1 h, and then incubated overnight (16 h). Next, the cells were treated with t-BHP and incubated for 6 h. Then the cells were washed with PBS and transferred to the Steady-Glo Luciferase Assay System (Promega Corporate Headquarters, Madison, WI, U.S.A.) from the plate. Luciferase activity was measured by a luminometer (GENios, Techan, Austria). The obtained raw luciferase activities were normalized by protein concentrations per well.
Statistics All results are presented as meanϮS.E.M. Statistical significance was analyzed via one-way ANOVA and Student's t-test (Systat Inc., Evaston, ILL., U.S.A.) and considered at pϽ0.01 and pϽ0.001.
RESULTS AND DISCUSSION
In Vitro Antioxidant Effects of the MeOH Extract and
Its Fractions from S. flavescens DPPH radicals and ABTS · ϩ are commonly used to evaluate antioxidant capacity, due to their relatively stable radicals, easy measurement, good reproducibility, and economic efficiency. Both assays are based on decolorization by examining absorbance decreases at the characteristic wavelength of 520 nm in the DPPH system and at 734 nm in the ABTS system. Since both radicals have the similar chemical property of hydrogen/electron donation, the ABTS system is usually correlated with the DPPH system. 23, 26) ONOO Ϫ and ROS scavengers/inhibitors play important roles in various pharmacological effects and physiological conditions. Unlike DPPH radicals and ABTS · ϩ , ONOO Ϫ and ROS are generated in the body by cellular metabolism. ONOO Ϫ and ROS scavengers/inhibitors observed in vitro will at least, in part, ameliorate several oxidative stress-related diseases, including aging, cancer, and inflammation.
As shown in Table 1 , the EtOAc fraction from S. flavescens exhibited the most potent scavenging activity with IC 50 values of 23.57 mg/ml and 9.38 mg/ml in the DPPH and ABTS assays, respectively, as compared to the positive controls, L-ascorbic acid (IC 50 1.94 mg/ml) and trolox (IC 50 6.16 mg/ml). Moreover, the EtOAc fraction presented good activity in the ONOO Ϫ assay with an IC 50 value of 4.64 mg/ml as compared to the positive control, L-penicillamine (IC 50 1.58 mg/ml). In the total ROS assay, the EtOAc fraction revealed predominant inhibitory activity with an IC 50 value of 1.63 mg/ml, when compared to the positive control trolox (IC 50 23.67 mg/ml).
Therefore, repeated column chromatography of the EtOAc fraction was conducted to yield two major prenylated chalcones (6, 8) , one minor prenylated flavonol (4), and five flavanones (1-3, 5, 7) (Fig. 1) . Although prenylated flavonoids 3, 5, and 7 were previously isolated as major compounds from the CH 2 Cl 2 fraction of the same source, 19) we isolated prenylated flavanones 3 and 5 as minor compounds, and prenylated chalcones 7 and 8 as major components from the EtOAc fraction. Since the prenylated flavonoids were mainly isolated from the EtOAc and CH 2 Cl 2 fractions, these compounds may be responsible for the predominant scavenging/ inhibitory activities of the fractions on DPPH radicals, ABTS · ϩ , ONOO Ϫ , and total ROS. In Vitro Antioxidant Effects of Prenylated Flavonoids from S. flavescens To re-evaluate the antioxidant capacities of the isolated constituents, we performed DPPH radical, ABTS · ϩ , ONOO Ϫ , and total ROS assays ( Table 2 ). Piao et al. 8) reported that prenylated flavanones (sophoraflavanone G and kurarinone) from S. flavescens, possessed potent DPPH scavenging activity. Interestingly, our DPPH results for these prenylated flavanones were significantly different from their findings.
In our research, the scavenging percentages (%) of five prenylated flavanones (1-3, 5, 7) were less than 50 at a concentration of 200 mg/ml. In the DPPH assay, prenylated flavonol 4 exhibited the most effective scavenging activity with an IC 50 value of 10.67 mM, as compared to that of the positive control, L-ascorbic acid (IC 50 8.70 mM) followed by the two prenyated chalcones (6, 8) with IC 50 values of 111.77 mM and 86.23 mM, respectively. The ABTS scavenging effects of the prenylated flavonol (4) and two prenylated chalcones (6, 8) were demonstrated by TEAC values of 1.88, 2.45, and 2.44, respectively (Table 2) , whereas those of the prenylated flavanones (1-3, 5, 7) were 1.28, 1.76, 1.05, 1.56, and 1.39, respectively. Lee et al. 26) reported that prenylated flavanones exhibited significant antioxidant capacity in the ABTS assay, but showed weak antioxidant capacity in the 912 Vol. 31, No. 5 DPPH assay. The difference in scavenging activity between the assays may be attributed to the active functionality differences of each flavanone, such as their electron donating groups (catechol) for DPPH radicals and their prenyl groups for ABTS cation radicals.
In the ONOO Ϫ assay, prenylated flavonol 4 (IC 50 0.62 mM) showed a more significant scavenging effect than the positive control, L-penicillamine (IC 50 2.37 mM). This was followed by two prenylated chalcones (6, 8) In the total ROS assay, the prenylated flavonol (4) revealed pronounced inhibitory activity along with the prenylated chalcones (6, 8) , with IC 50 values of 3.17, 3.58, and 5.83 mM, respectively, as compared to the positive control trolox (IC 50 15.92 mM). Among the prenylated flavanones 5, 3, and 2 possessed good inhibitory activities against total ROS, with IC 50 values of 5.91, 6.96, and 7.63 mM, respectively. The total ROS inhibitory activities of the other flavanones 1 (IC 50 10.02 mM) and 7 (IC 50 14.39 mM), were also higher than trolox (IC 50 15.92 mM).
When comparing the antioxidant activities of prenylated flavanone 7 and its counterpart prenylated chalcone 8, along with 5 and its counterpart 6 in the DPPH, ABTS, ONOO Ϫ , and total ROS assays, the prenylated chalcones (6, 8) exhibited higher activities than the prenylated flavanones (5, 7). Most prenylated flavanones without a 3Ј,4Ј-dihydroxyl group (catechol moiety) show weak scavenging activities against DPPH radicals. 27, 28) However, the five isolated flavanones exhibited good antioxidant potentials in the other antioxidant systems (ABTS, ONOO Ϫ , and total ROS assays). On the other hand, the prenylated chalcones, even without catechol groups, exhibited good antioxidant activities in all the assays, indicating that the a,b-unsaturated keto-group of chalcones may play mportant roles in their antioxidant activities. 29) Since prenylated chalcones 8 was isolated as a major active component, and prenylated flavonol 4 exhibited potent antioxidant capacity, these compounds may be more important contributors to the noted antioxidant capacity of S. flavescens than the prenylated flavanones.
Cell-Based Antioxidant Assay of Prenylated Flavonoids 8, 7, and 5 Since compounds 7 and 8 were isolated in large quantities, we presumed them to be the major compounds in S. flavescens. Prenylated chalcone 8 exhibited potent antioxidant effect; thus, in terms of structure-activity relationships, we attempted to evaluate the cell-based antioxidant capacities of prenylated chalcone 8 and its counterpart prenylated flavanone 7. The cell-based evaluation of 5 was also performed since there is much research on the cell-and enzyme-based bioactivities of 5. Prenylated flavanone 5 was reported to possess potent antioxidant effects against the radical generator 2,2Ј-azobis(2-amidinopropane)dihydrochloride (AAPH) in renal epithelial LLC-PK(1) cells, 8) as well as inhibitory activities against tyrosinase, 15, 16) cyclooxygenases, and lipoxygenases. 6, 17) Based on in vitro antioxidant findings, further cell-based studies were carried out on compounds 8, 7, and 5 by examining their inhibitory activities against t-BHP-induced intracellular ROS generation as well as t-BHP-induced activation of NF-kB (Figs. 2, 3) . t-BHP is reported to generate ROS and stimulate the oxidative stress that occurs within cellular physiology and biochemistry. Therefore, cells were treated with t-BHP to induce oxidative stress. 30, 31) As shown in Fig. 2, compounds 8, 7 , and 5 presented significant inhibitory activities against t-BHP-induced intracellular ROS generation in YPEN-1 cells, as compared to NAC, a positive control (50%, at 8 mM), with inhibition percentages of 12, 21, and 32% at the concentration of 2 mM, and 16, 27, and 34% at 8 mM, respectively ( ### pϽ0.001 vs. non-treated t-BHP and * * * pϽ0.001 vs. treated t-BHP). The results of both the in vitro ROS assay and the intracellular ROS assay indicate that prenylated flavonoids can act as antioxidant agents and potent ROS inhibitors against cellular oxidative stress. Our antioxidant results for 5 correspond with previous findings. 6, 8, [15] [16] [17] Although the major prenylated chalcones (6, 8) exhibited marked antioxidant capacities in our assays, examinations of the biological and pharmacological effects of prenylated chalcones are still lacking.
In the assay of t-BHP-induced NF-kB activation in HEK 293T cells, compounds 8, 7, and 5 significantly suppressed NF-kB activation, with inhibition percentages of 30, 32, and 26% at a concentration of 2 mM, and 51, 37, and 48% at 8 mM, respectively ( # pϽ0.001 vs. non-treated t-BHP and * pϽ0.01, and * * pϽ0.001 vs. treated t-BHP). This ability of the prenylated flavonoids to suppress t-BHP-induced NF-kB activation is partly responsible for their intracelluar ROS inhibition as well as in vitro total ROS inhibition effects; furthermore a series of intracellular ROS-related pathways contribute to exerting the anti-inflammatory activity of S. flavescens. 6) In conclusion, the results suggest that the increased antioxidant effects of the EtOAc fraction of S. flavescens were primarily implemented by the prenylated flavonol (4), prenylated chalcones (6, 8), and prenylated flavanones (1-3, 5, 7) it contained. However, based on the DPPH radical assay, the prenylated flavanones (1-3, 5, 7) seemed to counter the scavenging effects of S. flavescens. Therefore, the prenylated chalcones and prenylated flavonol may be more crucial contributors to its marked antioxidant capacities than the prenylated flavanones. Furthermore, compounds 8, 7, and 5 showed significant inhibitory activities against intracellular ROS levels as well as NF-kB activation by t-BHP. These results suggest that S. flavescens and its prenylated flavonoids may possess good anti-inflammatory activities, as implicated by their significant antioxidant activities. While more research must be performed, our results indicate that the prenylated flavonols, prenylated chalcones, and prenylated flavanones of S. flavescens roots play important roles in its antioxidant effects, and may aid the body by improving the antioxidant capacity. Vol. 31, No. 5
Fig. 2. Inhibitory Effect of Prenylated Flavonoids 8, 7, and 5 from S. flavescens on Intracellular ROS Induced by t-BHP
Cells were pretreated with various concentrations of samples (2, 8 mM) for 1 h and further treated with t-BHP (100 mM) for 1 h. The levels of intracellular ROS were detected by DCFH-DA using fluorescence microscope. A: untreated control, B: 100 mM t-BHP treated alone, C: 100 mM t-BHP treated and 8 mM NAC, D: 100 mM t-BHP treated and 2 mM of 8, E: 100 mM t-BHP treated and 8 mM of 8, F: 100 mM t-BHP treated and 2 mM of 7, G: 100 mM t-BHP treated and 8 mM of 7, H: 100 mM t-BHP treated and 2 mM of 5, I: 100 mM t-BHP treated and 8 mM of 5. The results are represented as relative luminescence unit (RLU). For statistical significance, one-factor ANOVA was performed: ### pϽ0.001 vs. non-treated t-BHP and * * * pϽ0.001 vs. treated t-BHP, respectively. HEK293T cells were 50-60% confluences after transfecting a reporter plasmid, 3xAOX-TK-luciferase. Luciferase activity was measured. The results are represented as relative luminescence unit (RLU). For statistical significance, one-factor ANOVA was used: # pϽ0.001 vs. non-treated t-BHP, * pϽ0.01 and * * pϽ0.001 vs. treated t-BHP, respectively.
